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.-
Existingflight-testdataonpitchingangularaccelerationshave ~
beencompiled.Thesourcesfromwhichthedataweretskenweremanu-
facturer’sreports,NACApapers,andunpublishedtestswhichwerecon-
ductedattheLangleyAeronauticalLaboratory.Thecompilationhas
beenmadeforconventionalirplanesthathadmomentsof inertiawhich
rangedfrom535to 572,000slug-feet2.Allthedataavailablearefor
Machnumbersbelow0.80.
In additiontothecompilation,ananalysiswasmadeofthedata
to establishmethodsfordeterminingmaximumpitchingaccelerations. -
Themethods-presentedfolkw severalelementaryapproachesandinclude
variableswhichareusuallyavailableatthedesignstage.
INTRODUCTION~ -
0
Ihowledgeofthemaximumvaluesofpitthingangularaccelerations
, towhichanairplanemaybe subjettedisnecessaryinthestructural.
designofvsriousairplanecomponents.Forexample,.criticslloads
occuronthehorizontaltaileitherwhenmaximumnegativeangular
accelerationsarecombinedwithmaximumpositiveloadfactorsorwhen
maximumpositiveangularaccelerationsarecotiinedwithnwdmumnega-
tiveloadfactors.
Analyticalmethodsuchasthosegiveninreferences1 to 4 are
availablewhichmaybe usedto obtainmaximumvaluesofpitching
accelerations.Thesemethodsme basedon either(1)a prescribedload-
factorvariation,(2)a maximumconstsmtrateofforceapplication,or I
(3)a maximumconstantrateof elevatormotion.At thedesignstage,
however,anyofthesemethodsarecomplicatedby theprobl~of deter-
miningseveralaerodynamicquantitiesto a highdegree‘ofrefinementfor
useintheequationsofmotion.
.—. .. ..—. .. ..——— . ..—.———-—. .. . . . . . .—— –.—. — —— -—..
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ThepurposeofthisTaperis topresentexist- flight-testdata
onmaximumpitchingaccelerationsthathavebeencollectedduringthe
past19 yearsandto analyzethesedataby elementaryconceptsinwtich
conside=tionis givento-thepossibleffects
weight,loadfactor,and~idity ofmaneuver.
inthepreliminarydesignofan airplane.
of airplanegeometry,
Theresultsmayhe used
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singularccelerationtipitch,radianspersecondpersecond
angularvelocityinpitch,radianspersecond
airplanemomentofinertiain~itch,slug-feetz
airplaneweight,~ounds
timefromstartofmaneuvertope& normalloadfactor,
seconds
elevatordeflectio~radians
horizontalsurfacespan,feet
~resmresltitude,feet -
loadfactor
incrementin load factor (n- 1)
grossareaincludingareawitti fuselage,squarefeet
equivalentairspeed,ties perhour
time,seconds
slibscri~ts:
max maximumviihe
mdmimumvalue
t“ horizontaltail
lneas ==~ea value
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SCOPEOFDATA
Thepitching-angular-accelerationd aavailableforsnalysiswere
~ompiledfromV=iOUS~CA papers(references5 to 9)2 from~published
testswhichwereconductedattheLangleyAeronauticalLaboratory,as
wellasfrommaterialfurnishedby severalairplanemanufacturers.
TableI presentsthegeometriccharacteristicsoftheairplanes
consideredinthisanslysis,whichhavemomentsof inertiathatrange
from535to572,000slug-feet2.Thecenter-of-gravityposition,the
weight,andthemomentofinertialistedthereinapplyatthetimeof
thetestsandarenotnecessarilythevaluesusedindesign.Ofthe
airplanescomprisingthisinvestigation,allareof conventionalcon-
figurationandhadconventionalcableorrodcontrolsystemsexcept
airplane20,whichhadhydraulicboost.
Fromthedataavailable,onlythemoreseveremaneuverswereused. “
AllthesemaneuversweremadeatMachnumbersbelow0.80.Thefollowing
quantitiesfortheairplanesoftableI aretabulatedintableII:
(1)
(2)
.
(3)
(4)
(5)
(6)
(7)
(8)
.
TheequivalentairspeedVe
ThemaximumpositiveincrementinloadfactorAn obtained
h eachmaneuver ,
Theincrementintime X fromthestartofthemaneuverto
themaximumpositiveloadfactor
Themsximumrateofelevatormovementd5/dt
Themaximumpositiveandnegativeangularacceleration~
obtainedinthemaneuver(Thesevaluesdonotnecessarily
coincidewiththe~ loadfactor.)
Themaximumpositiveangularvelocity6 attainedinthe
maneuver(Thisvalueoccursnearthetimeofmaximumload
factor.)
Thepressurealtitude
Remarksastotypeof
forth
hp of themaneuver
maneuver,degreeof abruptness,andso
Figure1 isillustrativeofthemethodusedin
andshowsa graphicalrepresentationof someofthe
*
obtainingtheslopes
quantitieslisted.
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JUWLYSISANDRESULTS
,!
that
tion
A detailedexandnationfthemoreimportantvariablesindicates
themaximumpitchingangularaccelerationi a maneuverisa func-
ofthefollowingvariables:
(1)
(2)
(3)
(4)
(5)
Airplanemassand/orpitchingmomentof inertia
Accelerationrloadfactorobtainedinthemaneuver
Degreeof abruptnessofthemaneuver
.
Dynamicpressureor airspeed
Stabilityandcontrolcharacteristicsoftheairplane
Thesevariablesarenotnecessarilyistedinorderoftheirimportance.
Theavailabledataonmaximumangularaccelerationsweregenerally
obtainedasby-productsoftestsmadeforotherpurposesand,forthis
reason,no oneseriesoftestsis sufficientto definecompletelythe
influenceofanyonevariable.Thedatahaveconsequentlybeenanalyzed
by simplyestablishingenvelopesofthemaximumeasured.valuesof
angular.accelerationsbtainedinvariousmaneuversincombinationwith
severalgroupingsofthemainvariablesenteringtheproblem. ,,.
Effectofweight.-Fora seriesofairplanesinwhichslllengths
varydirectlyasthescale,referredtohereinafterasa “geometric
,(
seriesofairplanes,”theangularaccelerationfora givenairspeedand
typeofelevatormotionshouldvaryasa functionof somegeometric
psrsmeter.Thepossiblegeometricparametersmightincludesuchquanti-
tiesas span,tail.length,wingarea,momentofinertia,weight,orwing
loading. In figure2, aswe~ as insubsequentfigures,themeasured
maxhumvaluesof~itchingangularaccelemtionareplottedasa func-
tionofairplaneweight.Weightinsteadofpitchingmomentofinertia
waschosenastheparameterbecausethisquantityismoreeasilydeter-
minedintheearlystagesofdesign.Thesolid-linecurveinfigure2
representstherelationforan exactgeometricseries,whereasthed.ashed-
linecurverepresentsa variationobtainedby modifyingtheexponentof
theweighttofittheresultsbetter.Theconstantshavebeendeter-
minedsoasto includealltheavailabledata.
.
Effectofloadfactor.-Theoreticalstudiesindicatethat,fora
geometricseriesofairplanesperforminga maneuverprescribedbya
givenload-factorvariationinwhichtheloadfactorreachesa maximum
andquicklysubsides,asforexamplea checkedpull-up,theangular
accelerationshouldvarydirectlywiththepeakloadfactorobtained,
,
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inverselywiththetimerequi$edto attainit,andinverselywiththe .
initialairspeed.Thevariationwithtimeandairspeed,however,are
morecomplicatedfunctionsthanthatfortheloadfactor.Althoughall
themaneuversavailableforanalyEoiswerenotofthesametype,the
Omeasnixtstepwastoplotvaluesof ,— asa functionof W. Thesolid-
A-
linecurveinfigure3, which is
..
. e-.
-
givenby theequation
(1)
representstheboundarythatincludesthedata.As inthepretious
case,theexponentof W hasbeenmodifiedto obtaina closerenvelope
ofthedata.Thisenvelopeisgiveninfigure3 by thedashedline,the
equationofwhichis
ment
..
em = 12znw-1/2
Rapidityofmaneuver.- Theinclusionof
An didnotresultinanyreductionin
(2)
theload-factorincre-
thescatterofdatanor
resultintheestablishmentofa betterenvelope.Successiverefine-
ments,madeto includetherapidityofthemaneuverandairspeed,not
onlyfailedto reducethescatterbutactuallyresultedin.lesswel.l-
definedetivelopes.A plotofthethe requiredto reachpeakload
factorforthevariousmaneuversoftableI indicated(seefig.4)that
the’minimumttietoreachpeakloadfactorincreasedastheairplane
weightwasincreasedfroma minimumvalueof
5,000poundstoa.valueofapproximately1.4
~DISCUSSION
Whentheavailabledataareconsidered,
approximately0.4at
at75,000pounds.
it appears
theempiricalrelationsgiveninfigures2 &d 3 could,
be usedas a guideinpreliminarydesign.Tl+esimplest
. . 4-(X)OO
eH=—
w
givesvaluesofpitchingangularacceleration
measuredialuesonlya%lowairplaneweights.
thateitherof
withjudgement,
relation
(3)
thatexceedthemaxhum
Therelation
—.-—.- . ---- -—. .— —----–- .-——.---—
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(4)
is likelytofurnishvaluesofpitcldngangularacceleration~eater
thanthe~ measuredvaluesforlighthigh-load-factorai planes.
Bothequations(3)and(4)havetermsinthemwhichareknownat
thedesignstage.Althoughequation(3)fitsthedataovera greater
rangeofweights,itmayunderest~tetheangularaccelerationsfor
possiblefuturehigh-weight,high-load-factorai planes.Equation(4),
ontheotherhand,hasbeenincludedasa pos$iblerelationsincethe
effectofloadfactoronthemaximumpitchingangularaccelerationis
tskenintoconsideration.Thetabulateddata,however,indicatethat
computedvsluesof~pitching angularaccelerationneednot
exceed10.0radianspersecondpersecond.
Thefaflureto obtainbettercorrelationas successiveimprovements
wereattemptedcanonlymeanthata numiberoffactorswhichcannotbe
includedin a simpleapproachcontribute.materiallytothemaximum
angularaccelerationbtainedina maneuver.Themostimportantfactor
contributhgtothescatterappearstobe thatthemaneuversconsidered
werenotallthessmetype,althoughdifferentaccuraciesofthedata
fromvariousourcesmayalsohavecontributedto thescatter.It is
apparenthatthebestover-alJcorrelationbetweentheexperimental
~a calculatedvaluesofmaximumsingularccelerationswouldbe obtained
byusingthevaluescalculatedfromtheequationsofmotionandby using
theactualelevatordeflections.Theprocedureofobtainingmaximum
angularaccelerationsmaynotbe a practicaloneattheesmlyde5ign
stagesbecausetherequiredparameterswouldbe difficultto obtainto
a highde~ee ofaccuracy.
Themxdmumvaluesofpitchingangularaccelerationshowninfig-
ure2 areabsolutevaluesandincludethelargestonesoccurringinthe
maneuveregardlessofthesign.Emlierattemptsat correlationfor
whichthepositiwandnegativevalueswereseparatedshowedno reduc-
tioninthescatter.An examinationfthetabulatedvsluesintable11
showsthat,forsM.practicalpurposes,thepositiveandnegativevalues
ofpitchingangularaccelerationsrethesame;slightlylessthan
50percenthavelargernegativevaluesthanyositivevalues.
Althoughthe
holdexactly,the
as a functionof
weightandmoment
areconcernedthe
assumptionofthegeometricseriesisWown notto
resultsgiveninfigure5, inwhich IY2J5 iS giv~
W2/3,indicatethatinsofsrastherelationsbetween
ofinertiafortheairplanesofthisinvestigation
assumptionis justified.
u
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Theimportanceoftherapidityof
inreference4. If anenvelopeofthe
hadbeendrawnfromthedatainfigure
7
themaneuverhas%eenestablished
minimumeasuredvaluesof X
4 ofthe~resentpaper,thevalue .
would-increasewithairplaneweight.‘l!hisncreaseindica~es-thatfor
thelargerairplanesa greatertimeistakentoperformthemaneuver
andhencelesspitchingangularaccelerationresults,asmaybe seen
fromfigure2. Thus,W and X- appeartobe interrelated.
CONCLUDINGREMARKS
Availableflight-testdataonpitchingangularaccelerationhave
beentabulatedand-theseresultsin-~cate~he
1.Thetabulateddataindicatedthatthe
accelerationneednotexceed10.O.radiansper
intentionalmaneuvers.
followingconclusions:
maxfmumpitchingangular
secondpersecondforsll.
2.The.assum@ionofa geometricseriesofairplanesis justified
fortherelationshipbetweenairplankmomentofinertiandweightfor
theairplanesconsidered.
3. Ananalysisthatfollowedelementaryconceptsby useofthese
tabulateddatainficatesthat
.
(a)At thedesignstageof anairplane,an expression
involtigonlytheweightwillgivea quickandfairlyaccurate
.
valueforthe‘maximumpitchingangularacceleration.
(b)An expressionwhichmakesuseoftheweightandload
factorallowsforthepredictionofmaximumyitchingangulsr
accelerationforyossiblefuturehigh-weight,high-load-factor
airplanes.
(c)Theminimumvaluesoftimefromthestartofthemaneuver
topeaknomal loadfactorhavebeenshowntobe a functionof
airplaneweight.
LangleyAeronauticalLaboratory
NationslAdvisoryCommitteeforAeronautics
LangleyAirForceBase,Vs.,March6, 1950
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TABLE I.- G30METRIC CHARACTERISTICS OF AmPImE9
Moment Of wing !call wing Tail
Lirplane
inertia, Weight area, area, Bpan, 8 an, Centmr of gratity ~ereme
(lb) Et (PercentM.A.C.)
(slu3t2) (aqsft) ($ft) (l) (ft)
1 535 l,l(xl 179 25.3 35.2 9.5 27.1 Unpublished
2 550 l,OW 180 25.8 36.010:0 27.1 Urrpubllshed
3 1,790 2,582 252 32.9
4
31.510.5 ------ 5
1,875 2,96Q 252 32.9 31.510.5 ------ 6
5. 1,875 2,970 241 29.8 32.010.0 ------
6
7
4,204 4,~ 42.2 34.5-----
4,267
22.1 unpublished
4,662‘ %’ k3.2 35-.012.o 32.0 Unpublished
i 5,000 4,w 24!3 k.g.o 42.013.0 34.0 Unpublished
9 5,278 5,330 327 44.8 33.313.0
6,380
m.3 Unpubli~hed
‘10 7,6cQ 213 41.0 34.013.0 3.3
U 7,00C 7,780 233 42.0 37:: ~.~8 Varied Unpublished
12 7,20c ~,o&4 130 26.0 3.0 unpublished
7,995 305 40.2 42:0 13:33 24.4 Unpubiishea
;: 8,(00 8;8CUI 240 41.0 3’7.013.18 L?6.4 unpublished
15 8,800 8,243 236 48.6 37.312.8 30.0 8
16 15,600 12,000 443 107.4 g.: ,19.04 2’7.0 U~ublished
17 100,000 32,050 664 -----
M3,cm 1,048.lg8.o 110:0X:i-
‘al.3 Unpublished
18 163,750 29.0 Unpublished
19 314,m 45,0031,407 242.0 UL8.O28.0 28.0
20 572,0&l 72,~ 1,654 463.6123.050.0 Varied Unpublished
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